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ABSTRACT 

This report describes a 9-mbrith^ nat 

which investigated the teaching strategies and tiacher attitudes 
which successfully encouraged girls in science. Subjects included 205 
females and 147 males from seven high schools, in addition to 
analyzing instructional techniques ^ classroom climates^ and 
teacher-student interactions^ a selected sample of former and current 

students received a variety of instruments which assessed 

attitudihal, cognitive, and socio-cultural variables . Results 
obtained from the case studies and survey instruments indicate that 
teachers who successfully encourage girls in science maintain 
well-equipped^ organized, and perceptually stimulating classrooms, 
are supported in their teaching activities by parents of their 
students, are respected by current and former students, use 
non-sexist language and examples , include information oh women 
scientists, use a variety of instructional strategies , stress_ 
creativity andbasic skills, and provide career information .Factors 
which discourage girls in science include high school counselors who 
do not insist on further courses in science and mathematics ; lack of 
information about science-related career opportunities and the 
prerequisites for them; sex-stereotyped views of science and 
scientists fostered by textbooks^ media, and many adults; lack of 
development of spatial ability skills; and fewer experiences with 
science activities and equipment that are stereotyped as masculines 
(JN) 
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EXESUTiVE SUMTiARY 

In the United States wcrrieh comprise apprqxiinately 50% of the work force^ 
yet only 6% are onplc^ed as scientists and engineers. Factor s cbhtrituting to 
this situation have been analyzed in research studies, and explanations have 
ranqed from differences in spatial ability linked to a sex-liriked gene to 
differences in early childfcod toys and games, Cre analysis has stown a 
dramatic decline ia i:ositive attitudes toward science as girls mature; the ^ 
auchors attribute this decline to startling inequities in the number of science 
activities experienced by males and fotelesin elementary and secorxJary class- 
rooms. In addition, the analysis of the results from the 1981 National 
Assessment of Educational Progress indicate that girls continue to score below 

the national mean on all cognitive science itons and to egress negative 

attitudes toward science, ftltl^icugh societal, educational, and personal factors 
are all involved, differences within the science classroom nay be the basic 
reason why fewer wonen study science or pjrsue scientific careers. 

Some girlSf hrvever, like science and some continue to study science, _ In 
order to determine what motivates these girls to j^rsue science courses and 
careerr>, a group of researchers, conducted nationwide studies of teachers who 
havG successfully motivated high school girls to continue in science. In 
addition to analyzing instructional techniques, classroan climates, and 
teaclier-rrtudent interactions, a selected sample of former ^^a^^^ as all^ _ 
curre^^t students received a variety of instruments which assesser' attitudinal, 
cognitive f and socio-cultural variables, 

'l\-70 types of research, observational and survey, provide the descriptions 
and data for this project. The case studies, _ which were part of this project, 
include evidence of student-teacher and student-student interactions as well ^ as 
dfj5x:riptive materials which assist in ttieir interpretation. Since case studies 
.-.re limited in the extent to which ,t±ey may produce generalizations applicable 

tc othnr situations, they have been supplonented with objective data, 

.r^:t lomg tne abilities r activities^ and aspirations of both the involved 
^LiiJci-its and teachers. 

i?ot[i TYpes of information have led to the following conclusions. 
Teachers v/ho successfully encourage girls in science: 

Maintain^well-equi^ed, organized, and perceptually stimulating 
classrooms. 

* /\re supported in tlieir teaching activities the parents of their 
students and are respected ty current and former students, 

* Use non-sexist language and examples and include information on 
wonen scientists. 

* Use laboratories, discussions, ^d weekly quizz^ as their primary 
modes oE instruction and supplar.enc those activities with field 
trips and guest speakers. 

^' Stress creativity and basic skills and provide career information. 



i±i 

Factors which discourage girls in science: 

* High school counselors who do not insist oh further courses in 
science arid mathematics, 

* Lack of infonnation about science-related career c^rtuhities 
and the prerequisites for them, 

* Sex-sterebtyped views of science and scientists which are fostered 

textSr media, and many adults, 

* Lack of deveic^Jment of spatial ability skills, which might be 
•fostered in shop and mechanical drawing classes, 

* Fewer experiences with science activities and equipi^ht which are 
stereotyped as masculine (mechanics, electricity ^ astrdnaTy) • 
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f'^ctors Mfeetihg the Reteritibh of Girls in Science Cdarses & iEareers: 
Case Studies of Selected SKondary Scfebls 

This report describe a g-inbnth project, corducted front Maine to 
California^ of the National Association of Biology Teachers Cdnmittee on the 
Role & Status of Worien in Biology Edacation. ManlDers^ supplonented other 
concerned researchers, sought to observe^ describe, and analyze teaching 
strategies and teacher attitude which successfully encouraged girls in 
science. Biology, taken by over 80% of high school students, was the course 
selecLed for observation; for if girls are turned off to science in biology, 
they effectively close the doors to scientific or technological careers. Two 
tj-pes of information were gathered: first, qualitative assessnents^ which 
fomed the basis of individual, observational case studies; and, secorfl, 
quarititative assesarents, which provided the data for an overall suimBry. In 
this report, data collected at all the case study schools are analyzed, case 
st-idy sites and teachers are canpared and contrast^d^ and general conclusions 
are draw?i. It is anticipated that readers will gain insights, interpret 
vignettes, and draw conclusions that will improve biolo^ and science education 
ior all secondary students ~ but especially for girls,* 

PRGGEDURES 

Two types of people have contributed greatly to the information included 

in tnis repdrc: Case Study Researchers, the people who corducted the studies 

and described their observations; and Case Study Teachers, the classroan 

instructors who wv^^re observed and who assisted by distrihuting and collecting 

surveys, by being interviewed, and Iop/ arranging for the researcher to interact 

wiLh administrators, parents, and students, Researcfers were sought who cdUld 

^T'ne entire report has been submitted to the National Science Foindatiqn and to 
the National Association of Biology Teachers. It is available from than as 
well as from the author. 
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prb\7ide geographic, racial, and sbcio^ecohomic representation in the various 
case studies. Each researcher was free to select a case stu^ teacher for 
Yds/hei report. The basic criterion was that the teacher selected had to have 
a "track record" of success with young wanen in science. The distribution of 
the case stuc^ researchers resulted in the following types of sites for the 
eight case studies. Although it was hoped that certain standardizes data could 

Table 1 



Geographic 
Area 



Number of Schools in Basic Groups 

Ccmrnuhity 
Type 



3 Urban 

2 Suburban 

3 Small town/ 
rural 



Racial/Ethnic 
Group 

4 White ^Ncn-: 
Hispanic 

2 Black 
2 Hispanic 



1 East 
3 Midwest 

2 South 
1 Rocky Mountain 
1 Far West 

be collected, the primary aim of the study was the thoughtful observation and 
analysis of teacher b^avior and student/teacher interactions. The intent of 
the overall project was to identify instructional strategies or teaching 
behaviors among the teacters, from rural Texas to urban Chicago, which could be 
adopted by other teachers to improve the retention and achievement of girls in 
science classes and the entrance and success of w^nen in science careers. 

OBSS^OTIONS & RESULTS 
Throughout this study we have asked, individually ^d collectively, what 
makes these teachers exceptional? How do they succeed, not only in encourag- 
ing girls, but in inspiring both boys and girls in science? What commonalities 
are found in these classrooms from Maine to California, from center city to 
rural corSiunity, from modern edifice to deteriorating facade? What theme 
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unites their work and our study? Tte answers have been obtained frSm hburs of 
transcribed interview^, fi'om dozens of former student notei and message, from 
carefully articulated reports Of trained observers, from resfonses to thousands 
of survey itans, and from a critical review of the literature. Although 
commonalities will be discussed among teachers and across studoit samples, the 
purpose of our study was to Observe in diverse conmunities. Therefore, there 
are few similarities among schools or communities. The hope was that eight 
diverse situations would provide a corapDsite picture as well as a collective 
pool of data, in which cartffionalities could be found and from which 
generalizcitions could be rnade. This Report is both a qualitative and 
quantitative assesstrent of teachers who make a difference. 

Ml socio-economic levels were represented in Hie overall sample Of 
stadc-icc and in the saiuple of schools, inner-city sctools in two diverse 
met-rc>;,olitan areas as well as rural schools in Colorado and Maine described at 
V-eea-: port ef their student population as disadvantaged. In contrast, another 
r<:5iool vas in an affluent white suburb, and one enrolled middle-class and 
upper-ir.i«iie-class Blacks. In some cases, the general socio-economic level Of 
students witiitr. a school was atypical of the community in general; the central 
city high ^hool in Colorado, the laboratory school in Louisiana, and the inner 
city school ii-. Chicago were exanples of this situation. In other instances, 
tho sctooi popalation reflected the general socio-economic level of the 
cdroimity; tor exanple, in Indiana, Maine, and Missouri, the schsols were 
microcosms Of tlieir commmities. Although folitical and religious information 
was reported sporadically, there was every reason to believe that all views 
v.^rc expressed approximately proportionally to their national representation. 
Toge!.hf:r U.e ccsttnunities and schools formed a composite picture of public high 
:=chools in the Hnited States. 
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ntmm the pt^=ical cb«aition of tfie eight toh ^feSl. varied ft.atly> 

all the biology rocSs bteetved »eEe filled »lth posters, picture., -dels, live 

s^tnens, ewipsftt, and projects. Ttey were visually sti»ulating. One 

it™ .i^H. fSSfiHsrs. who had beai successful In encouraging 
cSiftohality among these eight teacners, wno iiou 

girl, in science, was an .ttr.ctive, weil-equipE^ and rraintained classroom, 
^ch case study researcher attributed thes. pleasant learning places to the 
^ergy, creativity, and initiative of tl.e individual t..cl.r. In diverse 

■u- ^hoos *-P;,chers had been successful in creating optiiiHi 
schools and Cdttstiunities, these teacrers naa 

laming enviro^t.. She extSt of th«r su^esi iay t. f*«d ^ cx:«arin9 
tmlr responses to it^ oS a survey co^erning faculties to those of a 
Clonal ^le (Weiss, »7B,.* Alth^igh teac^r. in both the c^i study and 
tJ,e national samples respited that improvement was needed in^ 
bui.ding/classroom facUltiis (28.6% and 34%, SesE«:tiVeiy, , ^ce for 
Classroom prwaration (28.6% « 28%, res^Uvely) , ^ce for ^11 group wor. 
(42.9% ana 44%, respectively), a™3 availabUity of laboratory a..i.tants or 
parwrofessiosi. (71.4% and 62%, resjectlvsly) , the case ^u* teachers 
comtared to the natib,«l survey teacSr. did not reE«rt a «ed for more 
ec^ip^nt (14.3% vi 35%, re^t^tlvely) , ^i^^m vs 21%) , Sr^y for daily 
3UB>lies (14.3% vs 47%) , or stoSage space (14.3% vs 39%) . TH 
^ience of th.ir clasiroS., pl^-t, cheerful, ^d »ell-stc6icea, v,^ the 
first c««o«llty Id^tlf i.d among the teacl^r. in these divergS^t ^teols. 

.SltHough these result. ^rfW c»»sa|e dg to f yi«f r*c 

sSwle iiii between the natiopi and case sampl^ 1 

tSlsrs, respectively) , rough teacher, and 28.6* 

Stf?^"terc)5fs?"?a£!;£ airS/riore, sho^id be interpreted with 
t±iis in mird. 
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^iany of the bbsen/ed teachers bonbaried the quality of the curricular 
materials, particularly the textbooks r available. One sugg^ted that she had 
gone along with the other teachers in selecting a traditional text, while 
another one defended her style of "teaching from the text," All of then 
responded that they used more than one published text (compared to 52% of the 
national sample who used multiple texts) and six of the seven biology teacl^rs 
reportGd that they frequent''/ used text replaconents or supplements •* Tte most 
frequently adopted biology text v;a.3 Otto, J. H., A. Towle, and M. E. Madhick, 
B^2ir)_ 1^X0^09?' York 2 Holt, Rinehart, & Winston, 1977. All texts in use 
were orudyzod for sexism in language^ illustrations, citations, and references, 
Thoi^e .rtnniyses suggested that although progress had been made, it was limited. 
Womeri/ foe oxamplc, were pictured in non-traditional careers and were 
represented in approximately 50% of the illustrations. However r their 
meanirxjful contributions to science were seldcin cited or referenced. 

in addition., teacher-developed instructional naterials were exanined for 
-j^y sc'^itt characteristics. Almost all used both proribuhs or the plural 
proi:oun; approxjSate3:^/ ecjual numbers of scientists, researchers, etc. were 
refer cod to as men or as women. In one lesson concerning superstitions about 
reprociuctibn and birth, itans showing both male and feraie bias were included. 
In cin£5v;er5 tc surveys taken prior to the study, all case stuc^ teachers stated 

av;arene^fs of sexism in science. For exatiple, 71% of these teachers stated 
that they included infcmiation about the Important contrifcutions of wotteri 

*The oi^htn teacher _ taught high scfebl algebra, therefpre_her resr>onses are not 
ihcluasfi m the analyses concerning science teaching and science ciassrocxns. 
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iaiehtists in their class discussions and that they tried to correct the 
cbhceptibh that science is an exclosively male doriairi. Seventy-one jKrcent of 
them had invited f^ie scientists to their classes to discuss science careers 
with their students. Geierally, another c^Snohality among these teachers was 
the complete absence of sexist language, materials, or hunor in their 
instructional materialsi 

?s a group, the case stUcfy teachers taught in a particular way. Wten 
compared with the national sample, described by Weiss (1978) , they reported 
using laboratory and discussion activities much more frequently, ever 80% of 
the case stu^ teachers used laboratory materials in their classes at least 
once a week; less than half of the national survey teachers used hands-on 
materials that often. Dramatic differences are shown in Table 2 in the use of 
science materials ty these two groups of science instructors. All of the case 
study teachers indicated that microscopes, moiels, balances, living plants, and 
living animals were essential for teaching their science classes and a large 
majority of these teachers used these materials 10 or more days. Ore-third or 
more of the national survey teachers responded that microscopes, living plants, 
and living animals were unnecessary for instructing their classes. Further^ 
more, all of the case stu^ teachers used microscopes 10 or more days each 
year, while only one-half of the natioml survey teachers used microscOE«s that 
often . 

In addition, a majority of the case study teachers used fiimstrips, filiri 
idc?)S, and slides at least once a month; less than one-half of the national 
survey teachers used those media that often. Over bhe-half of the national 
sample indicated that videotapes were hot heeded for their teaching; although 
most case study teachers did not use videotapes oft^ (^.7% responded they 
used this it^ "less than once a month"), ail of these teachers indicated that 
videotapes were necessary for their instruction. 

11 
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±n cnclditibn, all of them responded that they used weekly quizzes or tests. 
In cbmparisdh, only 37% of -the national saiaple responded that tliey evaluated 
students at least once a week. The case stucty teachers invited in guest 
fakers and took their students on field trips more often than the national 
sample. Furthennore, students of the case study teachers were more frequently 
assigned independent projects, library research, and televised instruction, in 
contrast: to ths national sample, these teachers less often lectured or 
performed teacher danonstrations. 

Table 2 

Use of Audicr-Visual Dguifftent and Science Materials by 
Frequency and Availability 



Used Once 
Per Month 
or ftef^ 



AudiQ-Visuai 



P^trcmitege-Qj 

Needed but 
j^3nh Available 
NABT Natl. 



Not 

Needed 

NABT Natl . NABT Natl . ■^B^T Natl . 
.^n pl e S ^TT f)!^ Sa tt ple SairiPle Sanpie ^afifte 



Films 

FilrriGtrir"'S 
Overheads 



71,4% 


55% 


0% 


9% 


0% 


100 


48 


0 


8 


0 


57-1 


8 


14.3 


22 


0 


71.4 


10 


14.3 


20 


0 

28.6 


71.4 


38 


0 


4 


a 




14.3 


16 




Used More 


Needed 


but 


Not 



5% 

8 
38 
32 
19 

_5i- 



-Than. 



raj.culators 
Microscopes 
Modeis 
Balance 
Living Plants 



23.6% 

100 

35.7 
71.4 
71.4 
7i.4 



-t^t Rva liable Heeded. 



14.3% 
0 
0 
0 
0 
0 



26% 


14.3% 


14% 


50 


0 


1 


44 


0 


12 


57 


14.3 


i 


38 


0 


4 


28 




7 



47% 
33 
15 
9 
39 



Mi oi: these responses suggest good science teaching as another 
cdrruTiohality among these teachers. In fact, the researchers began to wonder if 
thecF; were ony unique teaching behaviors cdhtrituting to their success with 
giriH. We found unique behaviors as we observed their interactions with 
^tudenl-s, which will be described later. However, it is important to note that 
lal.<)ratcry-based science teaching has been faihd to be an especially effective 
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strate^ for ihteirestihg girls in science (Harding, 1983) i Over and bver, 
girls responded "The labs," to the question, "What do ycu like best atout ycur 
high schbdi biology class?" Perhaps it was expressed best by a 15-year-old, 
black girl in the deep souths who said, 

I enjoyed workir^ with microscopes^ We had a cow feart^ahd we ^ 
opened it up. EWe] looked in the microscope at the different parts 
of the inside Of the heart and I enjoyed that. 

instructional techniques that involve students also nay encourage and excite 
young wonen to study science. As a minority girl on the Sc»th Side of Chicago 
stated, 

[Our teacher] a]^?^s has discussions. We always ask questions, and 
we learn the most from discussions. 

naRRrnoin Teachers 

The case stu<^ teachers taught an average of 18.4 years and all of than 
held college degrees beyond the bachelor degree level. Five of the seven held 
at least one biology degree. Science teachers in the national survey, on the 
other hand, had taught an average of 11.8 years and only 54% held advanced 
degrees. Eighty-six percent of the case study teachers were women; 
nationally, w^n compose 24% of all science teachers. Both grouE« of 
teachers had approximately the same number of students per class; the averages 
were 25.2 students/class for case study teachers and 22.8 for national survey 
teachers. While the majority of teachers in both groups r^rted their 
closes were composed mainly of students with average abUities or with a wide 
range of ability levels, more case study teachers than national survey 
teachers taught high ability students. However, none of the case study 
teachers were teaching classes composed primarily of low abUity students. 

These instructors taught betweai two and six hours of biology classes a 
day and spent four or more hours a week pr^ring biolcgy lessons. Four of 
the teachers sponsored a science club at their high school, in general, the 
teachers thought their science progran3 were well supported by their school 



ERIC 



13 



9 

comrnanittet>. Responses to itons querying sources of support rated parental 

support the highest. It was followea by sa^rt fron other teachers, 

principals r superintendents, and school boards, in that order. Six of the 

teachers reported that they were more enthusiastic about teaching now than 

when tiiey began their careers. In addition, their answers to itons in a 

science attitude inventory indicated that they held very positive attitudes 

toward science as a discipline (X score = 199 but of a maxirnum of 240) . 

Tlie case study teachers were active professionals. All tat one had 

attended at least one science- related professional meeting within the last ten 

years. Eighty-six percent had made presentations at local science teacher 

meetings or at inser\'ice t:.eacher education functions. Meet of than had been 

involvev'. in science- related activities outside of their school. For example, 

several had coordinated science workshops and science fairs, one was on the 

loral park board, and one had been on the staff of a college marine biology 

in£-:E;icc:t:e, Their hofctoies ranged from soapbox racing and hot air ballooning to 

Pacini and qardenihg. Several indicated that they enjoyed plnbtbgraphy and had 

Jcienco- related holte-:?3 such as bird-watching and wildlife exploring. 

'VbG case stud-/ teachers were special in two other aspects of teaching. 

•"I'hey prov:.iod career ihf orrnation and related biology to everyday life, 

Althouyh all students liked tliose aspects of tiieir biology classes, girls, 

esix:Tialiyr irenfcioned than. For example, girls attending an affluent, sufcxirbah 

school ccxirr^enteCr 

She gives us up-to-date information and relates it to how we are 
livincj r.cx3ay. She does not give us old stuff frdm the text book. 

if v/e want to go into a science career , she tells yoa what classes 
you shbulo take for a particular career; 

^A^iion suD/ey responses were tafauiated for all cuse Gtucfy studehts, both. 
Loys and giiis were positive about the instructional techniques of thexr 
l-eachor:?. As Tafcle 3 shows, these teachers were miformly fair in their 
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treatment and e3<J)ectatidns of both boys and girls. In fact^ tliis unisex 
treatitient was another coSnonality found. Unfortunately, inost teachers still 
hold, consciously or unconsciously, sex-stereotypes which affect their class- 
rbdm b^avibrs. The importance of teacher b*avior and instructional style 
n^mot be underestinated. Jan Harding (1983) suggests that they may be more 
influential in encouraging girls in science than the prsence of a same-sex 
role model as a science teacher. 

Tatie 3 

Male Sc Female Students* Perceptions of Their Case Staj^ Teacher 

Students Who Agree _ df ^= 1 
you r h i^in^ Poacher. Of Ma i es ^ of F^ina l es SiEm- 



encourage you to be creative, 

.original? 
differentiate between jobs for males 

and for females? _ 
frequently talk with you individually? 
encourage education and/br training ^ ^ _ 

beyond high school? 67.1 76.5 .i2Mi 

describe science courses work as 

difficult? 

give advice on future pl^s? _ 
encourage mathonatics courses? 
encourage optional chDices for ixDst- 
high school? 

differentiate betweoi courses in 

which males arid females can be 

successful? 
encourage basic skills? 
treat you childishly? 



58.2% 66.8% ns 

27.0 23.3 ns 

57.4 54.5 ns 



28.9 21.5 ns 

38.7 37.9 ns 

50.3 44.0 ns 

47.5 42.2 ns 



27.1 14.0 .12094 

70.5 72.4 -_ns 

20.1 12.5 .1008 



npc;cript ^'^nR of C ijrrpnt St:ndentS 

Students who were currently enrolled in biology courses taught by the 
case study teachers were asked to con^^lete several donographic surveys, 
attitude scales, and cognitive ability tests during the period of otservation. 
In addition to questions concerned with donographic^ (grade, gender, race, 
etc.), previous acadonic exjoeriences, and extracurricular activities, students 
responded to itens about their future career plans, including any probability 
of science careers, as well as their opinions concerning wonen's roles and 
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scientific abilities- Furthentiore, each student received a spatial 
visualization test^ a cognitive style test, a locus of control test, a science 
attribiition scale, a science attitudes scale, arid a science anxiety scale. 
These tests were selected and used because scores on each of them have revealed 
gender differences in previous research. It was hsTPoetesized that there wcxild 
be no differences betwe^ the scores of male and female students for the 
variables of science attitudes , science anxiety, and particijBtion in 
extracurricular science activities. In other words, the case study teachers 
wcxild have, had a positive influence on the science attitudes, the levels of 
science anxiety, and the number of science extracurricular activities of girls 
enrollcvi in their elassf-?£. 

Sample 

rne sciniple included 205 fanales (58.2%) and 147 male (41.8%) students from 
severi high schools. All teachers and researchers had the cption of omitting 
any ol all s^urveys and instrurrfents; the California school cfcse to do so. The 
studert:-; wero priJTtariiy 9th and 10tli graders (87%) , arid tlie sample was 
preUonins'^tiy v?hi^c (7:^.9%) with some black (18.9%), Hispanic (3.7%), and 
teiaji/Tc'!-ific Islanders (1.4%) represented. There were no gender differences 
in racial cJiBtrL^Ajtjcn but, as indicated in Table 4, the schools varied 
c.-^nt:! j^rably in thc-i.r racial aonipGsitioni 

Table 4 

IDistribution of Stadents by Race and School 

J^rican White, Not Asian/: 

StoL R1 111 sprin 1 c Ifispan i g m^Wsi Other 

Suburban SisGouri 
Rural Irxiiaria 
Uriah Coloc£:-:ld 
UrLvm Texa*^ 

Subur l:)an Lcuisiana 
Rural ilaire 

i^ot:3. Sc;iX)ol vs Race: 



.1.055 - % 95.0% 3.0% 1.0% 

1.5 95.5 0 _ 3.0 

2.3 2.3 90.9 2.3 2.3 

13.6 40.9 45.5 

87. 0 4.3 4.3 - 4i3 

95.3 2.3 - - 2.3 

96.1 2.0 2.0 

X = 395.55, df =^ 24, p = .0000 



16 



12 

Academic Abilities 

Students in the sample identified their acadanic abilities in a fairly 
typical fashion, and self estimates of grades did hot differ between the boys 
and girls in the sample. Students also were asked to estimate tiieir abilities 
in relation to those of ah average person of their own age. Boys estimated 
their abilities considerably higher than girls did in athletics, math, 
mechanics, science, proHtan-solving, and ambition. Girls, on the other hand, 
ranked thenselves approximately as high as boys only in acadanic, speaking, and 
social abilities; girls did not rank thonselves higher than boys in any given 
category. The student sample, therefore, had very traditional and 
sex-stereotyped views of individual abilities. 

However, when actual enrollments were assessed, few differences were found 
in the percentages of boys and girls taking advanced or honors courses in 
math, English, foreign language ^ or social studies. Perhaps more impDrtant 
than the lack of gaider airollment differences in honors/advanced courses was 
the lack of differences between boys and gi^ls in the number of courses taken 
in algebra, plane geometry, trigonometry, college algebra, senior math, 
calculus, biology, chemistry, and physics. 

When surveyed about future educational plans, a large percentage of both 
bc^s (85.7%) and girls (76.6%) planned to attend college after high school. 
Their educational aspirations probably reflected the educational levels of the 
students' parents. For exanple, 32.2% of their fathers and 35.8% of their 
mothers had attended 1-3 years of college or had a bachelor's degree. Over 22% 
of fathers and 11.6% of mothers held advanced or professional degrees. 
Overall, 74.9% of fathers arid 66.4% of mothers had had sorte kind of gost-high 
school traihihg or education. 

Science Careers 

Seme itons assessed student interests in and aptitudes for a scientific 
career; others probed for the factors bdiind student career ctoices. ftlth5agh 
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largo pbrcGhtayes of both riiale and fonale studoits in this study (79.7% and 
55.1%, respectively) had considered science careers^ students - especially 
fonaie students - still viewed science and engineering as difficult areas and 
as predominantly masculine endeavors. When students were asked whether they 
could bec:dme scientists, only 5% of fonaies and 12^3% of males indicated that 
they wanted to beccxne scientists and that there were rib major obstacles in 
their paths. Howe^^er, 40% of irales arid 48% of fenales stated that they did not 
wish to pursue scientific careers due to inadequate grades, ejo^essive 
educational requireirtents, or lack of required courses. 

Tiie case study students were asked to indicate with whom they had talked 
about jobG^ work, or ca::e^?rs. Proportionately more females Bian males had 
talked witti femiily members (97% versus 91%, respectively). Over 90% of both 
boys and ^jirls had discussed careers with friends and nearly 60% had discussed 
careert> v^ith teachers. Furthermore, students indicatea that the case study 
teacher- in particular, had encouraged students to ccrisider educatiori and/or 
traiTM-n beyond high school (76.5% of females, 67.1% of males), had given 
Dcucients odvice on v/har. co ab after high school (37.9% of fonaies, 38.7% of 
males) t and aid encouraged students to es^lore many choices for p3St-high . 
school plans \42.2% of females, 47.5% of males). There were rio gender 
cliff erencer in students* perceptions of career counseling from their case stuc3y 
teachers. 

Wl-iat abxit the high school counselor? Most studerits were surveyed during 
the late spring of the 10th grade; therefore, most would have decided on either 
an academic, vocatibr-alr or general course of stu^. Probably, most of then 
weie ac'cj.vely invo].ved in choosing courses for the fbllbwing year. Yet, over 
35% of girls and 40% of boys had not discussed post-high scliool training or 
educc-ition with a counselor within the last. year. Furthermore, over 40% of 
girlc and 55% of boys had not discussed jobs or occupatibris with a cburiselor 
vdttijrn the last year. There was brie gerider differerice; girls had discussed 
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3dbe/occupations with coohselbrs somewhat itibre frequently than boys had; in 
suninary, these students had found farnUy tiKmbers, teachers > and friends more 
important sources of career information and advice than were high school 
counselors; 

Student Ej^riences & Attitudes 

As noted, all students in the observed classes were actively involved in 
learning. However, each case study teacher practiced what Shirley rfeicoim 
(ly83) calls "directed intervention." That is, girls as well as boys could not 
sit passively in the back of these rooms. Girls were called upbh to recite, 
were requested to assist in danohst rations, were selected to be group leaders, 
and were expected to perform experiments. They could simply hot get hy taking 
notes as boys dissected, titrated, measured, etc. The effect of this 
instructional strategy showed when the respbhses of these students were 
compared with those from the 1976-T7 National Assessment of Edjcational 
Progress' survey of science. Table 5 illustrates percentages responding to 
itans which showed active participation in science classes. Overwhelmingly, 
young women in the case stu^ classro^ have had more cj^rtunities to use 
scientific apparatus, to conduct science experiments, and to particiEate in 
scientific field triE>s. 

However, gender differences were found in the NABT sample for tSose 
activities which dealt with traditionally nasculine areas such as electricity, 
mechanics, and astrdhcw. m addition, male students of the case stu^ 
teachers r^rted more science hobbies, watched more science TV shows, and read 
more science books than did their female peers. These findings agreed with 
those of tiie 1975-77 NA^ survey. One important gaider difference was not 
found in the current stU(^; that is, girls and boys did hot significantly 
differ in number of science projects completed. Furthermore, there were no 
differences betwe^ boys' and girls' particiEation in science clubs, science 
mis, and math/computer clubs. However, significant gaider differences were 
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ibiuid in j>iitticitation in ciiess club, chorus/chbirr thespiahs/drama clubjr 
varsity/ intramural sports. In ail of those activities ^ participition was based 
oh traditibhal sex^rble stereotypes. It is, therefore, even more imEortant 
that differences Were not found between f^rcentages of boys and girls 
participating in science clubSr science fairs, or math/canputer clubs. 

Table 5 

_ Percentages _bf NAEP and NABT Students Responding Positively 
and PrG9ehCG of Sex Differences in Extracurricular Science Activities 

% Responding Significant _ 
PQgirfc ively .q^x Difference* 

Have yot:^ evf^i-^ ., : .Sl^le SlfflEle SaHElfi SsiDEifi — 

exporir/:Cnted wi.th erosion? 
used a nieter stick? 
used a bardiriater? 
used a computer? 
used a qraduated cylinder? 
visited a sewage plant? 
visitc-jd a v/eather station? 
visited a research labor atdry? 
uado a Piece of science 

eqjinner.-'V 

TOde ':-c)'-i€ti»tng from junk? 

. :.l cc wCd leaves/f lower "^i? 
fo^.iri a I'ossil? 
jooh nh anijT^l sk^ let-on V 
3eeri an f3<:lipye or the moon 
or sua? 

seen the rAO<.-n xt^iu a teiescops? 
seeri :i sola^: teat ooiiector? 

'^Significance? levels are not included because the date treat^^ each case 

was not ident:ica] . The canparisons, therefore, are only estimates. Per- 
centag-;.-o of u^ies were higher than finales in each case where a significant 
sex differaice wai-1 found. 

**i7-yea):-clds - - - 

***Present students of ease study teachers, predominantly 15-year-olds; 



Perhaps r as the result of more ej^riences, more career information jr and 
more extracurricnlar science activities, girls derichstrated more positive 
attitudes toward science classes and science careers: than they did in the 1977 
a6se£':^iiGnt- As shown in Table 6, proportionately more students in the NABT 
i^aniult- felt "curious,** '*cohf ident, " and "successful" in their science classes 
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NO 
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Yes 
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Yes 


No 


24.3 
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Yes 


No 


31.9 


33.2 


Yes 


No 
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Yes 


No 
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Yes 


No 


83.3 
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Yes 


No 


60 ;0 


64.0 


Yes 


No 
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Yes 


No 


78.7 
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Yes 


NO 


56.8 


52.9 


Yes 


No 


19.9 


43.9 


Yes 


No 
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than did students in the NAEP sample. A^ording to other resg^nses, thi case 
stucty studenti al^ enjoyed their scien5i classes more than did students in the 
NAEP sample. None of the gender differences in attitudes, typically found 
among children 13 and older, were found. Girls, o^roll^ in classes taught 
the case stu,^ teachers, held science attitudes equally as E«sitive as those of 
their male peers. 

Tatie 6 

student Attitudes Concerning Science aasses, ^ Sex and Satiple P^ulation 



How of ten have science 

curious?* 
stupid?** _ 
confident?* 

c^^j^rP<^c>fnt?* 



NftS> Sample NftB* Sanple 



How often do ycu like to 
go to science Classes?* 

♦Response = "Often" or "Si^tiit^s" 
**ReSponse = "Seldem" or "Never 





Hale . 


RMtiale 




Male 


Ppmale 


T^tal — 

50.7% 

60.8 

21.5 


53.4% 
69.5 
26.8 
32.4 


48.1% 

52.3 

16.4 

54.1 


85.3% 

45.8 

59.9 


84.2% 
40.4 
59.6 
73.7 


86.1% 

49.7 

60.2 


37.3% 


42.8% 


31.9% 


70.2% 


74.5% 


67.2% 



Note. 

Gene 



in ail cases, a significant sex difference was |resent ^"^^ NAEP 
Srie S wk notVesent in the NABT case study samEd.e. 

^erally, students, girls as w.ll as boys, of the case study teachers 

were actively involved in science. They performed experiments in their 

Clasps; they investigated opportunities in the field; they participated in 

science and math clubs, and th^ conducted special pro^^ts. The attitudes of 

girls toward science were positively affected W these myriad opportunities. 

in contrast with both the results r^rt^ in the 1976-77 and 1981-82 National 

Assessment, of ^ience, these yomg wcm^ were confident, curious, and 

successful in their science classes. 

Personality Dimensions 
The effect of these teachers also was noted in the responses of students 
to instruments assessing ^i^nce aSxiety ^d attribution, cognitive .tyl., 
spatial ability, ^d locus of control. Ri^i^nses to a scale co^.ming science 
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anxiety (Mvaro, 1978) were pairticularly interesting. Math anxiety and> to a 
leiie^ extent, science anxiety ha^7e been suggested as major detriments to girls 
achieving well in science (Smail, 1983) . Others have maintained that 
experience, ameliorates anxiety and that girls particularly must wo^k with 
scientific mterials (MalcoL-., 1983; Kahle, 1983) . Wither rraie or finale, 
responses showed that e^rience alleviated anxiety. Selected responses in 
Table 7 show that, in gaieral, girls are more anxious about tests and new 
experiences such as visiting a museum. However, students of toth sexes 
denonstratod lo53 anxiety if they wore familiar with the task such as focusing 
a mxCroGCOpe (girls) or pianni-iy an electrical circuit (toys) . 

Table 7 

Pc r^r^ncaqes of Male- ar.d Fanaie StudQits_Iidicating_ Anxiety 
Mxil Science Related and Na-.-Science Re].ated Activities 

Not ftt A_ A Fair 



Mttl^ f^, 



How mucii dpes_it M F M F M 
ir i^tici.^^ i^QJ ^^^^ 

. .c* <\oy _for final 

niEor??""'"'"'' S2.2^ 23,8% 28.0% 27.1% 23.7% 16.0% 10.2% 18.2% 5.9% 14.9% 
. . . hJtudv for tiral 

Wh^^S^''' 31.3 22.7 31.3 23.2 14.8 23.8 13.9 16.0 8.7 14.4 

. ^ . vj r it uhe jnuseum 

?nduStP*"' 40.5 26,0 24.1 32.6 23.3 26 . 0 8.6 8.3 3.4 7.2 

^.ps a micro- 73 . 3 85 .1 il.2 9.9 7.8 2.2 4.3 2.2 3.4 0.6 

^SM^ 55.9 30.8 26.3 33 .5 15.3 19.8 1. 7 11.0 0.8 4.9 

Key: Sicjnificant differences: becweeii male and fe^:le resE»nses 
* X test, df = 4, p < .05 
** X test, df = 4, p < ,.10 

The Science Attribution Scale nscnl was a mcx3ified version of Fennema, 
woilea., arid Pedro's rtatheTnatics Attribution Scale (1979). The scale presented 
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Students with nine biology cc^^ situations in whi5h the student was told that 
he/she had succeeded or failed. After each situation, the student was asked to 
agree or disagree with four different reasons for success or failure: ability, 
effort, task difficulty, or other ^vironirantal co«aitions (teacher, friends, 
luck, etc.). scores were tallied by the numter of "agree" or "strongly agree" 
responses given. 

previous research with nOn- scientific tasks had found that Sidles 
attributed success/failure significantly nore to ability and effort than 
fanales did (Pasquella, Mednick, S Murray, 1981) . In the present study, 
however, no gender differences were found in attri^tion of success/failure in 
science to ability, effort, or am^ironrr^ntal factors, ft significant gender 
difference did occur, however, in attriliation of success/failure in science to 
task difficulty/ease. Significantly more girls Uian boys (p = .0227) 
attributed success/failure to the difficulty of the scientific task. Girls, 
enroll^ in cas. Study teachers' biolo^ classes, held equally high opinions of 
their abilities, efforts, and the influence of environnental conditions in 
achieving scientific success. However, typically, girls more than boys 
attributed their degree of success in sciehc. to the difficulty of the task. 
Students .1^ completed a modif i^ version of ^e Hidd^ Figures Test (HPT) to 
detennin. their .ode of cognitive style 1971). Tte HET differ^tiate. 

between persons with a f ield-ind^ent and a f ield-d^ndent mode. U^ally, 
field-independent persons are better at cognitive restructuring tasks, tend to 
think analytically, and are more autononcus in personal rela- tions and work 
behaviors. Field^^ent persons, on the other hand, display social 
b^aviors useful for interE^rsonal relationships, tend to have extended 
exporience in working with others and gaO^ering information from than, ^.are 
1.SS autonomous (Witkin . Goodenough, 1981) . Although gender differences have 

reported With more nales than fanales scoring on the f i.ld-itdependent 
side of the scale (Witkin . Goodenough, 1981) , results f rci« the present study 
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MO not concur with tl^ose findingi. in this case, there were no differences 
related to subject's gender" across schools or in any individual scfebl. 

Students Of the case stu<^ teachers also were asked to complete a mo^if ied 
version of the Flags Test (Thurstone & Jeffrey, 1956) in order to itieasure 
spatial ability, the ability to visualize and rotate three-dimensional figures. 
Many researchers had suggested that gender differ^ces in spatial ability 
contributed to n^th and science achievement differences in boys and gi^is. For 
exsSplc-, Maccob^' & JacRlin's (1974) review conclud«3 that spatial ability was 
one of th.. few attributes for which gender differences were consistently found. 
H<>vever, Li,.n > Petersen" s (1-83) meta-analysis indicated that studies since 
1974 did not shov' that nales possesKd superior spatial abilities. Mthough 
boys in the case ntudy sample scored significantly higher than girls on the 
measur- of spatial ability (p = .0013) , further analyses showed that the gender 
difference was mainly due to a significant difference found in two of the seven 
satr.plc;.. ftele students in both the suburban Missouri and the urban Illinois 
-.:ho..].s -.corsd significantly higher than did fanale students in those same 

Lo.,..=: of control is an expre£5sion of the extent to which individuals 
L..Ur.vo: r;..u-. e.^.y, rattier than outside factors, control their actions and 
^Y,a.-3oi:s. Externally oriented individaais tend to attribute control to out- 
side force:;, vhile internally oriented people believe in their own control. 
Traditioruvlly, watPzn have demonstrated more external beliefs tJian men have on 
iccus of control: r.c-asures (Phares, 1976; Kahle, 19825. Furtherniore, students 
>,.itl. positive science attitudes and wife intentions to pursue science careers 
ucnoL-aiy are fou.id on the internal side of th.e locus of control continu-^n 
(I'r.hJ .-, 2902). With this in mind, case stu^ st.toents were asked to complete 
the Ariuit NowicRi^Strickland Scale, a m>odified version of an earlier instrun^nt 
dc>vclcEC<^ 1.^' Phares (1957) . There -.vere no gender differences in any of the 
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seven subsamples or in the total sample; and students gaie rally scored at the 
internal end of the scale. 

Students in case study classrooms responded to a battery of personality 
measures. Their responses were compared to those of other samples in order to 
see if teacher tsdiaviors and instructional techni«5Ues had affected student 
level of anxiety, attribution of success, belief in self control^ or mcde of 
perception. Previous research had suggested that sj^cific instructional 
strategies could influence mode of cognitive style and Iccus of control 
orientation (Kahie, 1983; H^d, 1983) . In addition, researchers had 
hypothesized that spatial abilities could be fostered by the use of si:ecific 
curricular activities (Skolnick, tangbort, & Day, 1982). Futhermore, it had 
been suggested that science anxiety could be ameleriorated &^ certain teacher 
b^viors and student classroom ej^riences (Malcolin, 1983) . CatfSarisons of 
the responses of students of case study teachers with those Of comparable 
groups indicated that, although Other factors might be ^rtiaily responsifcie, 
those teachers had an effect. Girls in case stu^ classes expr^sed the same 
personality modes as did boys. Since some of these traits (internal Iccus of 
control orientation, field-independent mode of cognitive style, high spatial 
ability, and low science anxiety) have been directly related to success in 
science courses and clx)ice of science careers, the absence of gender > 
differences was impDrtant. 
^flectinns of Fp i^r Rhndents 

Former students, who were science majors in college or who were pursuing 
scienc^related careers, were surveyed by mail. Although a bias was present in 
their selection (ail v/ere reccHiiiKhded by either a case stu^ teacher or a 
counselor) , their answers were completely confidential. Therefore, they could 
be as frank as they wished in responding to questions concerning their choice 
of science careers, their future pians, and their pai:t incentives. They were 
asked to indicate how certain peqple, courses, and activities had 
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infiuoncrdl their decision to pursue and their pirsistence in pursuit of science 

careers. A-nbng the types of people rated (parents, science teachers, math 

teachers, other teachers, counselors, etc.), high school biology teachers (in 

all cases the case study teacher) were ranked first.* in addition, unsolicited 

commentr, indicated the exter.t of the case study teacher's influence. 

My role model was my high school biology teacher. She helped me 
decide on a science career because she show^ itie the many different 
aspects of science and the isany different opportunities science has 
to offer career-wise. 

Fc was (and is) an enthusiastic, challenging, and supportive 
te.-ich&r. He helped me see, in concrete terms (in corcrete 
successes) that I could be successful in medical science. He is one 
of a handful of outstanding instructors I have had in college 
(Harvard) and high school. 

{My] biologv^ teacher. . .taught ite how exciting biology can be. 

1 iiad a v.u-y good teacher who interested me in biology and made me 
want to show other cMldren how interesting science can be. 

She gave me support and guidance in matters of everyday living as 
well as my career dcjcisibh. 

Tl-ie.-.c r.cuclents cii-uost unanimously (94.7%) felt that their high school biology 

v..>.?c.1.cj: -ert.d f iequent opportunities for individual discussions and 

enco.u.nqr<l. hi.s/her i^tudants to consider further education. Purtliermore, most 

inc.i. raced tnat v±eir biology teachers encouraged than to fce creative and 

original (84.2%) and to excjiote many educational and career choices (73.7%). 

MoTv; of the former students surveyed felt that their biology teachers treated 

stt;dent£ childishly or distinguished between educational bppDrtunities for boys 

arc! girlG. Several students described the biology teacher as a role model. 



*Gn p 1-5 ^ale (1 = very important to 5 = not appiicatde) , the follo^^ng 
pertinent average ratings were found: high school biology teacher (1.74), 
Eati-.erc '1.95), mothers (2.32), high school counselors (3.58). 
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When asked whether any science courses had influenced their career 
decisions* former students indicated that high school bidlcqy arid cbiiege 
biology courses* were important. Their comnents abcxat high sclx>Ol biology 
course (s) were revealing; 

The first experience I had with science as an es^itirig subject came 
in high school biology. Advanced biology was a difficult course but 
was good proration for college level work. It was in high sctool 
that genetics was first mentioned, i thought it was a good area for 
me because I have aiw^s done well in math. 

I think that high school biOlogy courses and my training in college 
certainly prepared me for ii^ career in the research area. In my 
high school biology class i remenber going on many field_trips. _ The 
questioning and searching for information was certainly felpful to 
what I cam doing today. 

High school biology helped me appreciate the richness arid diversity 
of science. 

The [high school biology experiences] have taught me What hard work 
is necessary for obtaining goals; 

Overall, the students indicated that they enjcyeS their science courses. All 
respondents (100%) indicated that they had enjoyed their biolcgy courses, 84.2% 
enjoyed chemistry courses, and 60%-§0% liked various mathanatics courses. Case 
stu^ teachers had significantly influenced sorre former students' career 
choices. 

•nie positive influence of the case study teachers Ori both their past and 
present students was anotiier commonality found among them. Responses to 
innumerable survey itons suggested that their common teaching behaviors and 
their use of similar instructional materials arid techniques were instrunental 
in encouraging all students to continue their educations. Many more students 
than usual selected advanced courses in science, which cpened doors to future 
scientific careers. Over arid Over again students praised these teachers - 
their contagious enthusiasm, their high acadatiic requirotients, their personal 

*6n a 1-5 scale (1 = very iitiportarit) , high school biology courses were rated 
1.56, while college biology courses received a 2.00 rating. 
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conc{.-rti; Since ^irls often do hot receive such pDsitive messages frdn science 
teaci-iers (£h>ail» 1983), their influence on girls continuing in science was 

effective. 
Current Former Students 
Evidences of change have been described. Girls in these classroons 
performed science experiments, enjoyed science activities, and danonstrated 
confidence in their scientific abilities. Cctiseguently, many continued in 
science courses and selected scientific careers. But, did the positive role 
model of a biolagy teacher and a positive image of science change traditionally 
held sex-role stereotypes coi^erning women as scientists? Responses to itans 
and written cranraents on toth the past and present student surveys suggested 
some progress. Differenced were seen between the responses of 15-year-Olds 
(average age of Current students) and 22 year-olds (average age of former 
students) . ftor example, only 14% of the 15-year-oldi responded that wanen 
should vjork full-time without interruption for nerriage or children; in 
cc.iti:-, ... ?f:^ of thie older respondents considered full-tirre, uninterrupted work 
a viaiile opiiion fot vc^.n (thonseives or their wives). Overwhelmingly, both 
groups of '.tudentb planned to marry and thought that the most appropriate 
iife-coie f;>r v.-oren was marriage and/or fami3.y combined with a career. 

Table 8 

Cii:rent Student Opinions Ccncerhihg Science Careers for Wdpeh 

% 



ftppu^'V^:. 

PLotracly fspprove 

Profc>aJr;ly Disapprove 
Disapprove 



lotaj. 


Ealss. 


Ffemales 


77.2% 


69,1% 


82.9% 


6.5 


9.4 


4.5 


13.9 


18.0 


11.1 


0.9 


0 


1.5 


1.5 


3.6 


0 



Kote. X - 17.05, uf = 4, p = .0019 

Other questions were directed specifically toward the role of wanen in 
s<-:Leiice careers. Current students were asked whether they ^proved of science 
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aa^eers for women. Although proportionately itore girls than boys express 
approval, the percentage of both who approved of science careers for wdneh was 
large, as sfiown in Table 8. However, the boys and girls differed considerably 
when questioned further on the issue of wonen in scientific careers. Table 9 
presents student responses to a series of statenents about w^ in scientific 
as well as other types of careers. In all tut two cases, girls, confared with 
boys, expressed stronger beliefs in a w^*s potential for success in a 
traditionally masculine career (astronautics, government, science), 

Takie 9 

Current Student Agreanent With Statonents Ccxiceming Wonen in Science 



% Males 



^j^tpjTfent 



Agree 



Women are as interested in 

nathanatics as are men. 
Men don't like to work for 

women supervisors. 
V7omen should stick to 

"women's jobs." 
Women have as much science 

ability as men do. 
Education is wasted, oh wotlen 

since they usually get 

married & raise a family. 
Women have _ the ability & 

endurance to make 

successful space flights, 
^'.ccording to the latest 

Census data^ equal job 

opportunities have now 

been achieved. 
I strongly approve the 

election of women as 

governors. 
I aj^ove of appointing a 

wonan as chairperson of 

the Atomic Energy 

Cbriiiu.ssidn. 

I would choo^ for myself 

the best qualified 

dentist avaiiahaie 

regardless of sex. 



19.0 



53.2 



Agree 



% Fonales 
R^gg:)ndinQ 

Strongly 

Agrep 



51.8 



36.2 



46.5 



71.4 



47.0 



20.6 



icance 



37.6% 


53.2% 


48.0% 


44.0% 


ns 


23.5 


42.9 


21.0 


51.5 


hs 


7.4 


20.0 


3.6 


4.1 


.0000 


38.8 


49.6 


63.2 


33.3 


.0001 


5.9 


11.0 


3.1 


2.6 


.0000 


19.3 


56.4 


44.2 


49.7 


.0000 


10.8 


46.8 


6.5 


50.2 


.0485 


18.8 


50.7 


56.2 


34.8 


.0000 



.0000 



.0058 



*X test, df ^ 4 



2B 



ERIC 



25 

in ujimury, Isc^th present arid past studenti thebretically supported not 

6niy a woman's pursuit of a career, but al^ a wdnah's right to pursue a 

particular 5x:ientific career. Both groups expressed naive opinions about the 

possibility of interrupting a successful career without affecting it. 

Generally, i5-year-old boys, cbmpared to girls, held more negative arid more 

stereotypic views about tl-ie role of wc^n in science- related careers. However^ 

some girls in the case stud^- classes expresser3 stereotaxic views of science and 

of scientists. A privileged girl in a suburban high school said, 

Men arc scientists. It is a Sasculine job career. Wonen don't go 
into it because being a scientist will make them look bad. 

Mor opinion was reiterated by a black girl in an inner-city school, who stated, 

Tf f married a £x:ieritist he'd never have time to be home with his 
fam-iy- I think meri scientists would have more time thari wanen_ 
scientists. It d^^ends on the woman. If she can do it, fine; tut 
mbtst wctnen Can't. 

r.ut, ac;:o3s the country, girls, at least those in the case sta*,' classroons, 

were i>-aipning to question the old, masculine views of science and scientists. 

'iVo iv:tei'-:;.-tiny and revealing comnents were: 

i d.n't knew if ^'c is wonen thinking scientists should be men, or 
mti IrhinKinn scientists should te men. 

TVi'o a'-e soT'x:- women scientists; but men have been in. it longer. 
Wonio.i car> c;-.-. the same job as men. They may have a different way of 
thinki-.'sg arid tnight improve science; 

Kjrmer students, those who had passed through these classroar^, also held 
refres^hincj and less stereotypic Views of scientists. They were asked to select 
hrcr. a vr.riety of clustered cVjaracteristies the groups Which best described a 
"tipic:'l scientist" and the ones which best described thonselves. The results 
{lubic 10) indicated that a student's self-image was very similar to his/her 
im,2^(i Of c\ .scientist and that these students held broader, less-stereotypic 
views of scientists. . Fbr example, over a quarter responded that scientists 
weve "socia3, helping, guiding, and group-oriented." 
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Tatle 10 

Percentages of Students Selecting Groups Which b^cribe Themselves & Scientists 

Groups wl-^ j^l^esh describe,.,* 
Characteristics SSiilSfilf A TVPigal Scientist 

Realistic/ Technical / 

Mechanical, Outdoor 57 i 9% 63.2% 



Investigative, Scientific, 

Inquiring, Analytical 78.9%, 84.2% 

Artistical, Musical^ _ _ _ 

Self-Expressive, Independent 31.6% 5.3% 

Social, HelpihgiL ^ _ -3 

Guiding, GrdU|>-Oriented 47.4% 26.3% 

Enterprising, Profit-Oriented, _ _ 

Persuasive, Political 5.3% 15.8% 

Cbnventibhal , Methodical, _ _ - 

Organized, Detailed 57.9% 68.4% 

^Students were asked to choose 3 groups which best described theniselves and 
scientists. 

(XNCEUSIC»3S 1^ WaOdmE^iJ^^I^B 
The number of cortmonalities found among the case stuc^ teacters was 
surprising, and a ^thesis and analysis of their teaching behaviors, classroom 
climates, instructional materials, and academic preparations sugg^t ways to 
improve the retention rates and the achievment levels of girls in science. 
Before delineating factors/ which young wanen found especially encouraging, 
some general characteristics should be mentioned. Mthough exenplary teaching 
was hot a criterion for selection, ail of the ease study teachers were 
outstanding classroom instructors. For example, Uie case stucfy researcher in 
Colorado concluded, 

i think that ratlier than identi^ing a teacher v^b consciously 
encourage fenales in science, _we have simply id^tif ied a very good 
teacher, whose talent, coiinitment, and rapport with her students 
combine to make the study of science an interesting and enjpyatae 
endeavor. I am hard put to suggest any more directjcau^ and effect 
relationships, because the data will_ndt_support them, any more than 
the data will su|^)brt more than a broad philosophic argunent for the 
geheralizability of [her] teaching approach to other classrootis. 
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His odticluiaon was reflated in most of the observational regcrts. fti Qie 

researcher in ehicagb stated, 

Tlie case stuc^ teacher's experience, attitudes, pgoaiyive ^r 
trmendous strer.cjth in motivating students to achieve . She is an 
SSplary teacher. Observing and talking with her, her coljeaguf 

her Itudents, leaves one with the strong ^nse there are no 

^molP exDiarations for her success as a teacher. A ma3or factor m 

ymm people ,aevelc^ b^ause she, herglf , 
wa.. frustrated.-in her search for loftier goals. J^he^^Jf^^ 
t-ecoqnizc tY.e special needs of black inner-city ^,tudents and address 
th.™ in a soitietines humorous, aways supportive way. Sjj has a keen 
uTKlerstandinn of biological principles_and_a love^or the field that 
is an imrortai-t key to success in any suo^ect. She lo given 
recognSSn not becasue she seeks it, tat because it is so well 
den.orvecl« 

Since those observations rc-uld not be generaJ.iz^, we compared and 
contra.n-.c<3 the answers of the case study teachers to survey questions with 
rcspcnser. provided by a national sample. We famd ti^at the case stucty teachers 
were ..il .xpafienced teachers and active professionals. Proi^rtionately more 
case ^tudy teachers than national survey teachers cited professional 
co^anr.'ation TK^enings and professional journals as imp^rt^nt sources of 
: ::.r,...-J.c-n for curricular naherials and new educational developments. The 
.as.. ..tudy teach::r9 v/cre confident in their teaching abilities; propDrtionately 
fcv^er oi- ...lese teachers than national survey teachers indicated that they 
needed as..t..t..v:e in varies aspects of teaching such as obtaining information 
alx^ut instructional materials, using iranipulacive materials, or maintaining 
plaint., i^rl ani.v.l5. Mthough these teachers used many kinds of laboratory 
....alcrisU.: ncr^G oi: than indicated that inadequate facilities were a serious 
piioble', or. that ir,provment was needed in obtc^ining equi^nent or supplies. The 
succe....fu.. case study te..chers shoved greater willingness thaii the national 
survey teacliers to Use varied methods of instruccion, and they onphasized 
ha:Kis^on science experience for their students in tonr.hing their courses. One 
general conclusion f^cm the classroan observatj.^ns, the past and present 
stud-nt surveys, the teacher reports, and all the analyses is that sQqS 
t^.a£b£rs_iiBfefi^^ifflu^- Each tiacher successful in encouraging girls as 
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well ai boys to continue in science courses and careers was also a successful 

teacher. For example, they were active professionally, were involved in 

science activities in their cdrmiunities, were billed in a variety of 

instructional techniques, and were informed aboit science careers and their 

eduaational requiranents. In their own words, they were proud professionals. 

Prom rural Indiana to urban Lcxiisiana they stated, 

Ifeaching is a profession. I can walk down the^^^^t.^f^fPto'^Sit 
§11 sin a telcher. I think anything we, can do as 
a feather in bur cap; to say, ' hey^ this^| a proud pgf essxon, is 
important. Let's build it up and speak positively about it. 

Tri the vears i have been teaching, I have become, _what 1 cfl^t 
dCdicatl? i try to be professional, and I have influenced the ^ 
livef of many ySnq people. I have taught required courses ^d had 
the opportunity^ tSS every student who has been through the 
iaboSSry^^ol for the last 24 years. I enuoy teaching. 

Although at some point during the observational pericxa, all teachers 
expressed a concern about sexism in science, the initial interviews and 
observations were structured to prev^t the researcfer from introducing any 
bias. However, b, the end of the observational E^riod, ail teacher, were aware 
of this special interest, and they, too, attenpted to ascertain what they had 
done "right." As one teacher esqplained. 

If I have any secret it is that I try to be fair^to^all students. I 

whether they are boys or girls, i Dust zzy w ij-cau 
Although some case study teachers expressed a lack of any special treatn^nt, 
otners admitted that they worked at ^couraging girls in science. One teacher 
explained wl:^ she took special st^s. 

T think it is ingrained in fanales Qiat they don't have to take any_ 
more^ience 5 5Sk really hard... getting girls into science. All 

men. I think [the fanale students] get a little scared, 
ease stuc^ teachers worked to correct any negative images bf science as well as 
its masculine rr^stique. The extent of the problen is indicated in the 
following excerpt. 
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The iniprossibhs students have of scientists are generally negative > 
although they recognize that scientists are probaHy doing what they 
want to Qo- They envisage scientists as men in long white_cbats 
looking through microscopes. They think more men. than woneh are 
scientists r and two students would place more faith in the work of a 
male scientist than a female scientist. Two dtlier students said 

they would trust the work of men and wonen equally ^ IXJt the^ 

qualified that statorieht^ M would trust [the work of men and wapen] 
the same if they have enough background to know what they are doing. 
I think women Usually don't have enough time to work and to know as 
much as men. ' 

Although each teacher attmpted to correct stereotyped views of science 
and scientists in riis/her wn v/ay, scsmc carimdnalities were found. For example^ 
one closer ver wrote , 

AiJ seating and lab work tr> completely irrespective of sex. The _ 
toacher atiLoniMis to be fair so that the first person who volunteers 
to be a iab captain is the person chosen. When the lab requires the 
ase of heavy ec[u_ipmeht the girls are not given special 
cunbideratidn. ' However, sij'ice the beginning of this study the 
teacher _ijas been more alert to the possibility oE any sex bias in 
her teachinn. 

Most Ccjse studies includod canparable observations* Generally, these concerned 

acti\e professionals Were striving to encourage all students to reach their 

inaxanip-n i:otentials. As the oteerver in a magnet school in Chicago wrdte, 

Tn ndditj.on t'- niot/Lvating students to strive for acadenic and 
proCvSLxonaA -j.-e'ti^e, [the case study teacher] seeks to change 
theii attitudes toward biology.. Words such as 'nasty, ugly, '_and 
ot^icr suc^/. trODG are unacceptable. She wants to give students an 
appicX.i-j?:i'v..n cf things that are not familiar to them. They must 
t^-COTH? chirilters and listeners. Career awareness is another goal; 
she h^c invited speakers from a variety .of scientific disciplines to 

addles:: her classes. She has taken students on field trips tC5 

musfrjn:5v to Argonne National Laboratory, and tC5 nature preserves and 
zvxjjti. Student^, prepare "career profiles,' - oral and witten 
repoiTts cn ^7arioUs scientific professions. 

In addition to their generally high professionalism and, concern for a].l 
students, toese teachers displayed other commonalities. Certain teaching 
tehaviors arid insnructibhal techniques were observed in all eight classroons. 
In addition, analyse:^ of both current and former scttdent responses to a variety 
cf surveys and measures indicated factors which positively influenced the 
retention of girls in science courses. 



34 




ERIC 



30 



What were these commonalities? 

1. mother the teacher taught b^ind locked doors in ah dut-bf^ate^ 
traditional laboratory with bolted chairs and. tables ^ or in a 
modular/ open-concept arrangement with flexible. seating and 
stations, their classrooms were attractive^ well-equiEped and 
maintained. All noted that they did hot need equiptent and supplies 
or money for further purchases. In addition, all had adequate 
storage space. 

2. All used non-sexist teacter-develcpe^ instructional materials to 
suK)lQnent the basic text. As one researcher iidted, 

There is ho overt discussion of sexian that 
might be inherent in any of the instructional 
materials used? as none of the inaterials seem to 
present that problon. Five tests were provide3 
for analysis. Wsere appeared to be no problOT 
with sexist language; scientific cbhtrifcutions 
were treated as neutral relative to geider. 

^ interestingly, no observer reported a single use of sexist huiror 
the case study teachers. 

3. All the observed teachers were aware of sexian in science. Although 
they maintained that they did not treat b:^s and Q^^ls diff erentg, 
tim brought w^nen scientists into their classes and they included^ 
a range of non-sexist career information. As one observer suggested, 

Perhaps the eguitable treatment of maie and 
fenale students is itself special* given what 
has been learned about the generally inequitable 
treatment of fonaie students. in_ the science 

classroom. Perhaps the_simple lack_of 

prefer^tial treatn^t for mres tes resulted m 
a situation where the fenale students feel. ^ 
ccxnf or table and are cqnf idoit in their ability 
to contribute at an equal level with their male_ 
colleagues. Certainly, there is hot enoughdata 
to support that hypothesis, attractive as it 
might be- 

4. The teachers, perhaps unknowingly, presented What Harding _(1983Land 
Small (1983) call "girl friendly science. One observer wrote about 
this phenCHTienom in the following way. 
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Although she argues that one does hot heed, 
special activities to interest girls in science, 
it is pcssitd:6 that for the. less^nuDitivated girl 
certain late and/br research projects are more 
appealing. For hbh--£k:ience-"Oriented girls^ 
experiments such as _audio-;tutorial units on 
bacteriolC5(^ have considerable appeal. 
Nutriticn and diets appeal to many girls. A 
unit on 'Complenentary Proteins: _ A simulation' 
has appealed to many girls. Similarly^ . 
'Dissection of an. Orange, is very gdpular with 
many students* The teacher feels that the 

girlL*' interests are as varied as^ those of 

t-he lx>ys. Last year a girl designed and built a 
windnlll for a local garage and another girl 
spent hours assisting a vocational ceacher who 
is building an airplane. 

As noted,. teachers U5:ed more labdratdries, discussions and tests than 
is ccmmbnly f blind. 

* 5. Ilie case stuw teachers all had solid, acadenic preparations for 

tcachina. It^should Le noted that most had degrees in their subject 
arfc-.jh; and that all Jiad continued their formal educatibns. All were 
ncre enthusiastic about teaching how than when they began to teach. 

* G. These toacheL's were respected, generally recognized, and suf^rted 

wii:hin their conminlties. In addition, all but _bne>^ .mentibhed that 
they rfceived stirong supj^rt from the parents bf their students. 

* 7. 'ihese teachers participate in and encourage their studentsjEo enjoy 

5i':^ienc:e beydix^the schdolhouse door. As a result, one finds e<^ 

numbers of :^i:;ls and !odys preparing science projects and joining 
scieXiCCf r.i:-itii.. and coriputer clubs. 

8. Tl-ie caoe stu^O/ teachers, ihdividuaiiy and collectively? were^^u^ 

in thrib: emphasis on careers and further educatibn. Although all 

stndairs benefited Erom that interest, girls seemed to notice it and 
' f-spond it riore thaii boys did. 

* 9. Z^JCcb^•cli^« to their students, the instruc5tionai techniques^ of the_ 

case study teachers encourage creativity, further education^ and 
basic skiiJ dex/eiopront ^ Again, girls noted these characteristics 
mote often them boys did. 

* Ifi. Doth current and former students noted the positiye attitude 

veil as encduraganent as unique personal characteristics and teaching 
behr.viors of the cane study teachers. 

Thete ten special teaching behaviors and instructional strategies resulted 
in propc>rt:ibnately rribre girls in tJieir classes coniiinuing in matii and science 
courses in both high school and college- eQiera31y, the following behaviors 
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characterize teachers who are successful in encouraging girls to pursue 
science. 

Do 

use laboratory & discussion 
activities 

provide career information 

directly involve girls in 
science activities 

provide informal academic 
counseling 

demonstrate unisex treatineht 
in science classrocHiis 

Once identified^ these coranonalities form the basis of recdnirtfeix3ations oi 
ways to encourage young wonen to pursue science courses and careers, 

1 Science textbooks must go b^a^ the token inclusion of wonen. 
For example, McClintbck's work should be included in every 
chapter concerning genetics. 

2. Special wdrkshopSf projects^ and activities are still needed to 
eliminate sex-bias in and sex- role stereotypes of science.. 
These activities also need to include boys, who dononstrate 
more stereotypic views than girls do. 

3. The professionalism and education of the case study teachers 
suggests the needfgr continual, suffer ted educational c^^r- 
tunities for secondary teacfers. Whatever the format, the 

courses, workshops r seminars must present solid science , ^ 

include career information^ and emphasize activities and topics 
which ^jpeal to girls. 

4. VJheh teachers no longer have to expend inordinate afidunts of 
time and energy on_securing suK)lies and equiptnent as well as 
space to store them, they can direct their effortsto improving 
classroom instruction, to encouraging students in science, ara3 
to developing basic skills. 

In conclusion, Cecily Cahnan Selty, v*io encouraged this project and who 
was instrumental in funding it, has suggested that excellent science teaching 
must be innovative and exciting. She says^ 

Science must be presented as not only basic tat beautiful^ as those 
of use whose lives ind prof essions have b^ by this beauty 

are so proud and privileged to know (Seifcy^ 1982). 



Don't 

use sexist htmior 

use sex-stereotyped examples 

distribute sexist classroom 
materials 

allow boys to doninate discussions 
or activities 

allow girls to passively resist 
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Itid case Litucly teachers daildnstrate tiiose feelings about science; Perhapsr 
because science is presented as beautifuir Shey are able to capture and 
intrigue the girls in their classrooms. 
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